Introduction {#sec1-1}
============

Meningiomas are benign neoplastic lesions constitute about 20% of all intracranial tumors. Posterior fossa meningiomas are 10% of all intracranial meningiomas.\[[@ref1][@ref2]\] These are slow-growing tumors thus become large before presentation.\[[@ref3]\] Posterior fossa meningiomas include (1) Cerebellar convexity, Lateral tentorial, (2) C P Angle, (3) Jugular foramen, (4) Petroclival, (5) Foramen Magnum, 6. Unclassified groups (Sekhar and Wright) \[[Table 1](#T1){ref-type="table"}\].\[[@ref4]\] Microsurgical resection is the treatment of choice for the majority of these lesions but variable locations, large size at diagnosis, frequent encroachment of neural and vascular structures, and their potentially invasive behavior are some of the features of these tumors that make their resection challenging.\[[@ref5]\]

###### 

Classification of posterior fossa meningioma "Sekhar and Wright"

![](AJNS-7-116-g001)

Out of 440 cases of intracranial meningioma managed in our institute in last 6 years, 64 cases were posterior fossa meningioma, constituting about 14.5%.

Aims and objectives {#sec2-1}
-------------------

The study is done to highlight the technical difficulties encountered during excision of these tumors and discuss their modes of management.

Materials and Methods {#sec1-2}
=====================

This is a retrospective study of 64 cases having various subgroups of posterior fossa meningioma operated in 6 years (April 2004 to 2010) at the neurosurgery department, Sir J. J. Hospital, Mumbai.

All the patients were investigated by contrast enhanced CT scan brain, MRI brain with contrast, MR angiogram and venogram. Postoperative complications and outcomes of these patients were analysed.

Observation and results {#sec2-2}
-----------------------

There were 64 cases of posterior fossa meningioma, of whom 48(75%) were females and 16 (25%) were males. Their age ranged from 18 to 71 years with a mean of 44 years.

Most of the patients presented with cranial nerves dysfunction, of which otologic symptoms were most frequent. Beside that headache, cerebellar compression syndrome, brain stem compression syndrome and features of raised ICP were other common presentations at the time of diagnosis \[[Table 2](#T2){ref-type="table"}\].

###### 

Lists the different clinical features in the cases of posterior fossa meningiomas

![](AJNS-7-116-g002)

Hydrocephalus was present in 28 cases in our study. In sixteen cases ventriculo-peritoneal shunt was done. And in rest, EVD was inserted before surgery

CP angle meningioma was commonest followed by Petroclival subgroup in this study.

Retromastoid suboccipital craniectomy was the commonest approach taken for CP angle, petroclival, lateral tentorial and Jugular foramen meningioma \[Figures [1](#F1){ref-type="fig"}--[4](#F4){ref-type="fig"}\]. Transpetrous approach was used in one case of petroclival meningioma because the tumor was extending into the petrous bone with profound hearing loss in the patient.

![Left lateral petrous meningioma with postoperative CT scan s/o retromastoid craniectomy defect with gross total excision of lesion](AJNS-7-116-g003){#F1}

![Right CP angle meningioma with post operative CT scan s/o retromastoid craniectomy defect with gross total excision](AJNS-7-116-g004){#F2}

![(a and b) Left tentorial meningioma preoperative and (c) postoperative images](AJNS-7-116-g005){#F3}

![Tentorial meningioma with postoperative CT scan](AJNS-7-116-g006){#F4}

Midline suboccipital craniectomy with C1 laminectomy was performed in cases of the foramen magnum meningioma \[[Figure 5](#F5){ref-type="fig"}\] except two ventral foramen magnum meningiomas where far lateral approach was taken to excise the tumor \[[Figure 6](#F6){ref-type="fig"}\]. Among 64 cases of posterior fossa meningiomas gross total excision was achieved in 46 cases (72%), in rest of the cases either subtotal excision (\>90%), or partial excision (\<90%) was done due to adhesion to nerves, vessels, brain stem or intrasinus extensions. Gross total excision was maximum in cerebellar convexity subgroup and was minimum in petroclival group \[[Table 3](#T3){ref-type="table"}\].

![Dorsal foramen magnum meningioma with post op CT scan s/o suboccipital craniectomy defect with gross total excision](AJNS-7-116-g007){#F5}

![Ventral foramen magnum meningioma with post op MRI s/o residual adherent to cranial nerves](AJNS-7-116-g008){#F6}

###### 

Lists the number of cases of various subgroups of posterior fossa meningioma, the approach taken for their surgery and extent of excision

![](AJNS-7-116-g009)

Postoperatively, patients developed complications in the form of cranial nerve dysfunction, CSF leakage, long tract signs, sinus thrombosis, stupor and coma. Cranial nerve dysfunction was found in 14 cases (21%) which was either aggravation of previous dysfunctions or new dysfunction. Cranial nerve deficit was commonest in petroclival subgroup. Second commonest complication was CSF leakage, found in 12.5 % cases. Postoperative mortality noted in two cases (3.2%) due to sinus thrombosis in one case and in other because of postoperative pneumonitis and septicemia. We encountered recurrence in total 10 cases of various subgroups over average follow up of 4 years.

Technical difficulties encountered during operating posterior fossa tumors and the measures to overcome {#sec2-3}
-------------------------------------------------------------------------------------------------------

Sinus infiltration {#sec2-4}
------------------

Sinus infiltration is found commonly in the tentorial and jugular foramen meningioma. In the cases of tumor infiltration with partially patent sinus, leaving behind the intrasinus part with adjuvant radiosurgery or follow-up with plan of re-excision at later date when sinus will be completely blocked was planned as per discussion with family.

Vascularity {#sec2-5}
-----------

Surgical approach was planned to address the tumor attachment first. Digital subtraction angiography with embolization was not performed in any of the case.

### Large size and trajectory through cranial nerves and vessels {#sec3-1}

Internal debulking of the tumor gave enough of the space to work in between the nerves and vessels.

### Adhesions to cranial nerves, vessels and brain stem {#sec3-2}

Preservation of arachnoid plane, copious saline wash instead of coagulation, avoiding traction, and use of intraoperative neurophysiologial monitors.

Loss of tumor -- brain interface {#sec2-6}
--------------------------------

In some of meningiomas (atypial and malignant subtype) breech in arachnoid and infiltrated in brain parenchyma was noted. In these invasive meningiomas, we took great care while dissection, avoided disrupting the small vessels and remained on tumor\'s immediate surface.

Discussion {#sec1-3}
==========

Posterior fossa meningiomas can be found anywhere in posterior fossa and individualized management recommendations depend primarily on size, growth rate, clinical presentations and location. These tumors are classified by their anatomical origin given by Sekhar and Wright \[[Table 1](#T1){ref-type="table"}\].\[[@ref4]\]

In classical series of Yassargil *et al*, 30% posterior fossa meningioma were located in CP angle region while 20% in Petroclival region, in our study CP angle meningioma subgroup was commonest (31.4%) followed by lateral tentorial and cerebellar subgroup.\[[@ref6]\]

Despite the advent of CT scan and MRI studies, many of these tumors continue to be diagnosed too late due to indolent growth pattern.\[[@ref7]\] Cranial nerve dysfunction and gait disturbance are the most common presenting symptoms, and involvement of V and VIII nerves is more frequently found in these tumors. Features of raised ICP due to hydrocephalus may be presenting symptoms in certain subgroup of posterior fossa meningioma.

High--field thin section MRI is very useful for planning the surgical approach as it provide the information about the site of origin and secondary tumor extensions either intra or extradural, the interface between the tumor and the brain surface, relationships of the lesion and cranial nerves and the major vessels.\[[@ref8]--[@ref10]\] The point of skull attachment is indicated by osseous reaction appreciated better with CT scan brain.\[[@ref10]\]

MRI angiography technique is substituting conventional cerebral angiography in the study of skull base meningiomas. Although it has been argued that embolization makes the tumor softer and less vascular, we did not perform preoperative embolization in our series because intratumoral embolization of feeders from ICA and meningeal branches of ECA are difficult and the procedure have its own morbidity of lower cranial nerve damage and brain ischemia.\[[@ref11]\]

MR venography done to demonstrate the venous sinus infiltration, venous anatomy with dominance of the transverse and sigmoid sinuses, the size of the jugular bulb, superior and inferior petrosal sinuses and temporal lobe drainage pattern.

There are four therapeutic options for posterior fossa meningiomas 1) Observation 2) Surgical resection 3) Radiotherapy or radiosurgery 4) Combination of surgery and radiosurgery.

Observation is selected when patient is neurologically intact, the lesion is small and especially if the patient is elderly or has significant co morbidities. MRI imaging every 6-12 months interval is recommended and if the lesion grows more than couple of millimetre in 6-month interval surgical treatment would be judicious.

Microsurgical excision is the main treatment in the cases of posterior fossa meningioma especially if the patient is young with tumor larger than 3 cm in diameter, with neurological symptoms or the asymptomatic patient with preference for removal.

The general concept that is important for the successful removal of the posterior fossa meningioma include adequate bony exposure, early eradication of vascular supply, debulking of the tumor mass and maintenance of arachnoid plane. Surgical approaches for posterior fossa meningiomas depend on aim of the surgery, locations, dural attachment, extension of tumor, preference and familiarity of the neurosurgeon.\[[@ref12]--[@ref14]\]

As in other series, the surgical approach most commonly used by us was the lateral suboccipital retromastoid craniectomy which is suitable not only for small and medium-sized tumors, but also for large one, even if the tumor involves the upper clivus and tentorial notch. Through this familiar approach the surgeon finds the posterior and laterally displaced or engulfed cranial nerves and the brainstem in the way to the tumor and he has to work through the narrow fissure left between the tentorium and cranial nerves; however, because of the large size and lateral extension of the tumor the exposure is usually good, and allows complete removal as progressive tumor hollowing and shrinking provide the room needed for reaching the far limits without additional retraction of the brain stem and cranial nerves.\[[@ref15][@ref16]\] The presigmoid approach is a good option in microsurgical excision of the petroclival and premeatal CP angle meningiomas as it allows the surgeon to work approximately 2 cm closer to tumor than would be possible through retromastoid approach and to remain in front of the brain stem. But in recent studies radical excision of the petroclival meningiomas by using presigmoid approach was equal to conventional retromastoid suboccipital craniectomy; operation took longer time and carried more complications such as CSF leak and hearing loss \[[Table 4](#T4){ref-type="table"}\].\[[@ref17]\]

###### 

List the common surgical approach options in various subgroups of the posterior fossa meningiomas with their advantage and disadvantage

![](AJNS-7-116-g010)

Surgical results with skull base meningiomas have improved during the last two decades, but radical excision continues to produce high morbidity rate and occasional mortality.\[[@ref23][@ref24]\] Postoperative complications are comparatively higher in the subgroup with petroclival meningiomas which in experienced hands are completely removed in only 53-79% of the cases. Hakuba *et al* reported 17% mortality and new neurological deficit in 83% cases, Mayberg and Symon reported 9% mortality with 50% permanent morbidity rates.\[[@ref23][@ref24]\] Sekhar *et al* achieved complete tumor removal in 73% cases with operative mortality in 4% cases.\[[@ref4]\] As with others in our series the rate of complete excision and postoperative neurological deficit were better with CP angle meningioma in comparison to petroclival meningioma. Over all we achieved 72% gross total excision with new or aggravation of existing neurological deficit in 33% cases. Partial excision or subtotal excision were more in petroclival, jugular foramen with extracranial extension, tentorial with intrasinus extension and ventral foramen magnum meningiomas in our series \[[Table 5](#T5){ref-type="table"}\].

###### 

Comparison of our study with earlier studies of posterior fossa meningioma

![](AJNS-7-116-g011)

Subtotal excision carries lesser risk of complications than radical excision, but residual tumors may lead to recurrence sooner or later and reoperation is usually less successful and risky especially if radiation is given after the initial operation. At the present moment the majority of the authors recommend subtotal resection for old patients or when there are factors defying complete removal.\[[@ref18][@ref19]\]

Meningiomas may recur after an apparently radical excision, but it is clear that completeness of the resection is the main factor preventing regrowth in all locations. In various studies the rate of recurrence was five to ten times higher in the patients with subtotal or partial excision compared from radical excision. In the series of Couldwell *et al* in which gross total excision was achieved in 69% of the patients, 13% had documented recurrence or progression over 6.1 year follow-ups.\[[@ref27]\] In our series, we have recurrence of total 10 cases (16%) over the average follow-up of 4 years. Most of the recurrent cases were seen in petroclival and tentorial subgroups with partial or subtotal excision.

The critical issue of identifying the factors influencing the possibility of radical and safe excision is tumor-vascular relationships, the integrity of the arachnoid plane between tumor and brain stem, tumor consistency and vascularity. Levine *et al* have proposed a grading system for predicting the likelihood of complete resection of basal meningiomas, which includes radiotherapy, vessels encasement and number of cranial nerves involved. Preoperative MRI T2-weighted higher intensity images are associated with increase tumor vascularity, softer tumor consistency and histological aggressiveness.\[[@ref9]\]

As subtotal resection is associated with higher chance of tumor recurrence addition of radiosurgery as a secondary treatment modality has been studied. Stereotactic radiosurgery provides a conformal, highly focused, single fraction radiation field essentially confined to the tumor, which may reduce the incidence of complications that are associated with fractionated radiation therapy. The goals of radiosurgery are to prevent tumor progression, prolong the interval to recurrence and improve survival.\[[@ref28]\]

A combination of surgical resection and radiosurgery for the management of many of these patients has been considered in studies. Taylor *et al* determined a 10-year progression-free survival rate in cases of subtotal, gross total and subtotal plus radiosurgery subgroups of meningioma and found that recurrence was very high in subtotal subgroup but was same in gross total and subtotal plus radiosurgery subgroups. In this way the surgeon can remove the bulk of the tumor and residual lesion can be treated with radiosurgery but the benefit is limited as tumor volumes increases.\[[@ref29]\]

![Tentorial meningioma with post op CT scan s/o residual adherent to deep veins](AJNS-7-116-g012){#F7}

Conclusions {#sec1-4}
===========

Posterior fossa meningioma are difficult to excise due to close relation to cranial nerves and vesselsThe use of microscope, CUSA, intraoperative nerve monitor help in removal and preserving surrounding important anatomical structuresAlthough neurological deterioration is common postoperatively, recovery does occur completely after total removal thus increasing the recurrence free period and improving the outcome.
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